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TI Protein-protein interactions within the endoplasmic reticulum 

AU Gillikin, Jeffrey W.; Fontes, Elizabeth P, B.; Boston, Rebecca S. 

CS Department of Botany, North Carolina State University, Raleigh, NC, 

27695-7612, USA 
SO Methods in Cell Biology (1995), 50, 309-23 

CODEN: MCBLAG; ISSN: 0091-679X 
DT Journal 
LA English 

AB This chapter focuses on the identification of protein-protein interactions 
within the endoplasmic reticulum (ER) and BR 

-derived protein bodies. The methods described here were optimized for 
anal, of interactions among the ER-resident protein, BiP 
, and storage proteins of maize and soybean. With slight 
modification, however, they should also be adaptable for studying 
protein-protein interactions involving any protein for which antibodies 
are available. 
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TI A soybean binding protein (BiP) homolog is temporally regulated 

in soybean seeds and associates detectably with normal storage proteins in 
vitro . 

AU Fontes, Elizabeth P. B. (1); Silva, Carlos J.; Caroline Sonia M. B.; 

Figueiredo, Jose Edson F . ; Batista, Daria P. 0. 
CS (1) BIOAGRO/Dep. Bioquim., Univ. Fed. Vicosa, 36570-000 Micosa, MG Brazil 
SO Brazilian Journal of Genetics, (1996) Vol. 19, No. 2, pp. 305-312. 
DT Article 
LA English 

SL English; Portuguese 

AB The endoplasmic reticulum (ER) luminal binding protein 

(BiP) is thought to be a key mediator of folding and assembly of 
de novo synthesized secretory proteins. We have used a maize 
(Zea mays L.) BiP antibody to identify its homolog in soybeans 
{Glycine max (L.) Merrill). The accumulation of BiP in 

developing soybean seeds seems to be coordinated with the onset of active 
storage protein synthesis. We used a co-immunoprecipitation assay to 
detect soybean BiP: beta- conglycinin interactions. Either a 
maize BiP antibody or a beta- conglycinin antibody 

co-immunoprecipitated the reciprocal protein from whole seed protein 
extract enzymatically depleted of adenosine 5 1 -triphosphate (ATP), while 
an unrelated antibody failed to immunoprecipitate either one. The 
association of BiP : beta-conglycinin complexes was completely 
reversed by addition of ATP, a diagnostic feature of molecular 
chaperone -mediated interaction. However, only a very small fraction of 
beta-conglycinin was found to be associated with BiP in whole 
cell protein extracts from immature seeds. These results are consistent 
with a transient association between BiP and beta-conglycinin 
subunits, and suggests its involvement in the biosynthetic transport 
pathway of storage proteins to protein bodies. 
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TI Plant BiP proteins 

AU Gillikin, Jeffrey W.; Boston, Rebecca S. 

CS Department of Botany, North Carolina State University, Raleigh, NC, 
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SO Guidebook to Molecular Chaperones and Protein- Folding Catalysts (1997), 

38-41. Editor(s): Gething, Mary-Jane. Publisher: Oxford University Press, 
Oxford, UK. 
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DT Conference; General Review 

LA English 

AB A review with 28 refs. Plant BiP is the ER 

-localized member of the HSP70 family of proteins and is encoded by a 

multigene family in some, but not all plant species. 

BiP is involved in such vital functions as protein translocation, 

assembly of proteins into oligomeric structures and suppression of protein 

aggregation. 
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TI The tobacco luminal binding protein is encoded by a multigene 
family . 

AU Denecke, J.; Goldman, M.H.S.; Demolder, J.; Seurinck, J.; Botterman, J. 
CS Swedish University of Agricultural Sciences, Uppsala, Sweden 
AV DNAL (QK725.P532) 

SO The Plant cell, Sept 1991. Vol. 3, No. 9. p. 1025-1035 

Publisher: Rockville, Md . : American Society of Plant Physiologists. 

ISSN: 1040-4651 
NTE Includes references . 
DT Article 

FS U.S. Imprints not USDA, Experiment or Extension 



LA English 

AB We have cloned cDNAs of the tobacco homolog of the luminal 

binding protein {Bip) that has been described in other higher 

eukaryotes. In contrast to the mammalian and yeast protein, 

tobacco Bip is encoded by a multigene family. The gene 

products of all the cloned members of this family contain a 

carboxy- terminal His - Asp-Glu- Leu peptide that may form the signal for 

retention in the endoplasmic reticulum. Analysis of expression patterns 

revealed that Bip transcripts are predominantly present in 

tissues with high rates of cell divisions, in secretory tissues, and in 

cells treated with tunicamycin. We also show that a chimeric gene 

containing the coding region of one of the tobacco Bip 

genes is able to complement a mutation in the Saccharomyces cerevisiae 

Bip gene . 
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TI Over express ion of BiP in tobacco alleviates 

endoplasmic reticulum stress. 
AU Leborgne-Castel , N . ; Jelitto -Van Dooren, E.P.W.M.; Crofts, A.J.; Denecke,J 
CS Universite de Bourgogne, Dijon, France. 
SO The Plant cell, Mar 1999. Vol. 11, No. 3. p. 459-469 

Publisher: [Rockville, MD : American Society of Plant Physiologists, 
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AB To study the role of the lumenal binding protein (BiP) in the 

transport and secretion of proteins, we have produced plants with altered 

BiP levels. Transgenic plants overexpressing BiP showed 

dramatically increased BiP mRNA levels but only a modest 

increase in BiP protein levels. The presence of degradation 

products in BiP overproducers suggests a regulatory mechanism 

that increases protein turnover when BiP is abundant. Antisense 

inhibition of BiP synthesis was not successful, demonstrating 

that even a minor reduction in the basal BIP level is 

deleterious to cell viability. Overexpression of BiP leads to 

down regulation of the basal transcript levels of endogenous BiP 

genes and greatly reduces the unfolded protein response. The data confirm 

that BiP transcription is regulated via a feedback mechanism 

that involves monitoring of BiP protein levels. To test 

BiP activity in vivo, we designed a functional assay, using the 

secretory protein alpha -amylase and a cytosolic enzyme as a control for 

cell viability. During tunicamycin treatment, an overall reduction of 

alpha- amylase synthesis was observed when compared with the cytosolic 

marker. We show that the tunicamycin effect is due to the depletion of 

BiP in the endoplasmic reticulum because coexpressed BIP 

alone is able to restore efficient alpha-amylase synthesis. This is a 

novel assay to monitor BiP activity in promoting secretory 

protein synthesis in vivo. 
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PRAI GB 1998-27480 A 19981215 

WO 1999-GB4141 W 19991214 

AB The present invention provides a method of reducing the period within 

which a plant's natural defense mechanism responds to attack by a plant 
pathogen, the method comprising causing the plant to maintain in at least 
a part of the plant a level of the lumenal binding protein {BiP 
) , or a homolog thereof, which is greater than the endogenous level for 
said plant in non- stressful conditions. Overexpression of BiP, 
its ATPase domain, or calreticulin driven by a strong constitutive 
promoter and addnl . treatment with salicylic acid (SA) , are used. A 
method of increasing the capacity for secretory protein synthesis 
including PR genes is also claimed. The invention also provides for a 
modified plant produced by the method of the invention. To study the role 
of BiP in the transport and secretion of proteins, plants with 
altered BiP levels were produced. Strengthening of the 

SA-mediated induction of pathogen resistance (PR) gene, PR1 was obsd. with 
overexpression of BiP driven by CaMV 35S promoter in transgenic 
tobacco and Arabidopsis thaliana. 
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TI Enhanced accumulation of BiP in transgenic plants confers 

tolerance to water stress. 
AU Alvim, F.C.; Carol ino, S.M.B.; Cascardo, J. CM.; Nunes, C.C.; Martinez, 

C.A.; Otoni, W.C.; Fontes, E.P.B. 
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SO Plant physiology, July 2001. Vol. 126, No. 3. p. 1042-1054 
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NTE Includes references 
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LA English 

AB The binding protein (BiP) is an important component of 

endoplasmic reticulum stress response of cells. Despite extensive studies 

in cultured cells, a protective function of BiP against stress 

has not yet been demonstrated in whole multicellular organisms. Here, we 

have obtained transgenic tobacco (Nicotiana tabacum L. cv 

Havana) plants constitutively expressing elevated levels of BiP 

or its antisense cDNA to analyze the protective role of this endoplasmic 

reticulum lumenal stress protein at the whole plant level. Elevated levels 

of BiP in transgenic sense lines conferred tolerance to the 

glycosylation inhibitor tunicamycin during germination and tolerance to 

water deficit during plant growth. Under progressive drought, the leaf 

BiP levels correlated with the maintenance of the shoot turgidity 

and water content. The protective effect of BiP overexpression 

against water stress was disrupted by expression of an antisense 

BiP cDNA construct- Although overexpression of BiP 

prevented cellular dehydration, the stomatal conductance and transpiration 
rate in droughted sense leaves were higher than in control and antisense 
leaves. The rate of photosynthesis under water deficit might have caused a 
degree of greater osmotic adjustment in sense leaves because it remained 
unaffected during water deprivation, which was in marked contrast with the 
severe drought - induced decrease in the C02 assimilation in control and 
antisense leaves. In antisense plants, the water stress stimulation of the 
antioxidative defenses was higher than in control plants, whereas in 
droughted sense leaves an induction of superoxide dismutase activity was 
not observed. These results suggest that overexpression of BiP 
in plants may prevent endogenous oxidative stress. 
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AB The analysis of protein sorting signals responsible for the retention of 
reticuloplasmins (RPLs) a group of soluble proteins that reside in the 
lumen of the endoplasmic reticulum (ER) has revealed a structural 
similarity between mammalian and plant ER retention signals. We present 
evidence that the corresponding epitope is conserved in a vast family of 
soluble ER resident proteins. Microseguences of RPL60 and RPL90 two 
abundant members of this family show high sequence similarity with 
mammalian calreticulin and endoplasmin. RPL60/calreticul in cof ract ionates 
and costains with the lumenal binding protein 

(BiP) • Both proteins were detected in the nuclear envelope and 
the ER and in mitotic cells in association with the spindle apparatus and 
the phragmoplast . Immunoprecipitation of proteins from in vivo- labeled 
cells demonstrated that RPL60/calret iculin is associated with other 
polypeptides in a stress- and ATP-dependent fashion. RPL60/calreticul in 
transcript levels increased rapidly in abundance during the proliferation 
of the secretory apparatus and the onset of hydrolase secretion in 



gibberellic acid- treated barley aleurone cells. This induction profile is 
identical to that of the well - characterized ER chaperones BiP 
and endoplasmin . However expression patterns in response to different 
stress conditions as well as t issue- specif ic expression patterns indicate 
that these genes are differentially regulated and may not act in concert. 
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plant endomembrane system 
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SO Methods in Cell Biology (1995) , 50, 335-48 
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DT Journal ; General Review 
LA English 

AB A review with 8 refs. Topics discussed include: transient expression of 
genes in plant protoplasts, evaluation of in vivo protein folding in the 
endoplasmic reticulum by monitoring interaction with lumenal 
binding protein (BiP) , and protein transport 
through the endomembrane system. 
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differentiation in human myeloid cells. Evidence for remodeling of the 
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AB In this study, we demonstrate that the folding and assembly of igG in 
transgenic tobacco plants is orchestrated by BiP (binding 
protein), an endoplasmic reticulum resident chaperone. Expression of 
BiP and calreticulin was examined in transgenic tobacco 

plants that express immunoglobulin chains, either singly or in combination 

to form IgG antibody. BiP mRNA expression was lowest in 

wild-type nontransf ormed plants and those that expressed immunoglobulin 

light chain alone. Higher mRNA levels were detected in plants expressing 

fully assembled immunoglobulin (light and heavy chains) , and the most 

abundant levels of RNA transcript were found in those plants that 

expressed immunoglobulin heavy chain alone. Estimation of total 

Bip demonstrated a similar pattern, with the highest levels 

detected in plants expressing immunoglobulin heavy chain alone. 

Immunoprecipitat ion studies demonstrated that BiP was associated 

with immunoglobulin chains extracted from protoplast lysates, but not from 

secreted fluids. Again, most BiP was coprecipitated from plants 

expressing heavy chain only and those that produced full length IgG. The 



binding of BiP to Ig heavy chains was ATP- sensitive . 
Co-expression of heavy and light chain resulted in IgG assembly and 
displacement of BiP from the heavy chain as the amount of light 
chain increased. Although calreticulin mRNA and total protein 
levels varied in a similar manner to those of BiP in the 
transgenic plants, there was no evidence for association between 
calreticulin and Ig chains, by coimmunoprecipitation . The results 
indicate that BiP, but not calreticulin, takes part in 
immunoglobulin folding and assembly in transgenic plants. 
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AB Fosetyl (aluminum Et phosphate) is a systemic fungicide that is widely 

used to control plant Oomycetes in the field. Molina et . al . demonstrated 
that fosetyl fungicidal activity was affected by plant defense signal 
transduction pathways. This suggested that, in addn. to its direct 
fungicidal activity, fosetyl modulates expression of plant genes involved 
in pathogen defense, for example, fosetyl induces the SAR marker gene 
PR-1. Here, the authors have combined SSH (suppressive subtract ive 
hybridization) and cDNA microarrays to detect alterations in gene 
expression patterns of f osetyl-treated Arabidopsis. They show that 
fosetyl is a potent inducer of plant defense responses. The induction 
patterns resemble that of microbial elicitors and involve multiple defense 
signaling pathways. Six genes with fosetyl -induct ion ratios ranging from 
2.6-9.7 in Northern blot expts. were identified. These genes encode PR 
proteins (PR-1, PR-2, and PR-4), a mol . chaperone (cyclophilin) , and a 
non-specific lipid transfer protein (nsLTP) . Genes encoding antioxidants 
(GSTs) , mol. chaperones (BiP and calreticulin), and a 

cell wall component (extensin) were identified by using subtract ive cDNA 
probes to screen Arabidopsis EST arrays. 
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AB To investigate the endoplasmic reticulum (ER) Ca2 + stores in plant cells, 
we generated tobacco (Nicotiana tabacum; NT1) suspension cells and 
Arabidopsis plants with altered levels of calreticulin (CRT) , an 
ER- localized Ca2+-binding protein. NT1 cells and Arabidopsis plants were 
transformed with a maize {Zea mays) CRT gene in both sense and antisense 
orientations under the control of an Arabidopsis heat shock promoter. 
ER- enriched membrane fractions from NT1 cells were used to examine how 
altered expression of CRT affects Ca2 + uptake and release. We found that 
a 2. 5- fold increase in CRT led to a 2 -fold increase in ATP-dependent 
45Ca2+ accumulation in the ER-enriched fraction compared with heat-shocked 
wild-type controls. Furthermore, after treatment with the Ca2 + ionophore 
ionomycin, ER microsomes from NT1 cells overproducing CRT showed a 2 -fold 
increase in the amt . of 45Ca2+ released, and a 2- to 3 -fold increase in 
the amt. of 45Ca2+ retained compared with wild type. These data indicate 
that altering the prodn. of CRT affects the ER Ca2 + pool. In addn., CRT 
transgenic Arabidopsis plants were used to det . if altered CRT levels had 
any physiol . effects. We found that the level of CRT in heat 
shock- induced CRT transgenic plants correlated pos . with the retention of 
chlorophyll when the plants were transferred from Ca2+-contg. medium to 
Ca2+-depleted medium. Together these data are consistent with the 
hypothesis that increasing CRT in the ER increases the ER Ca2+ stores and 
thereby enhances the survival of plants grown in low Ca2+ medium. 
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AB The binding protein (BiP) has been implicated in cotranslational 

folding of nascent polypeptides, and in the recognition and disposal of 

aberrant polypeptides. To elucidate the involvement of BiP in 

the biosynthesis of vacuolar proteins, we have characterized the protein 

in pumpkin cotyledons during seed maturation and seedling growth. Isolated 

microsomes from maturing pumpkin cotyledons contained a significant amount 

of BIP , protein-disulf ide isomerase and calreticulin. 

We have purified a 70-kDa protein; sequences of the N- terminus and 

internal fragments of this protein exhibited a high identity to the 

sequence of soybean BIP. Immunoblot analysis with specific 

antibodies raised against the purified BiP showed that the 

amount of BiP in a cotyledon increased markedly at the middle 

stage and then decreased. The increase was accompanied by the synthesis of 

storage proteins and the development of the endoplasmic reticulum in the 

cotyledons at the middle stage of seed maturation. Most of these storage 

proteins degraded dramatically between 2 and 5 days after seed 

germination, and the degradation was also accompanied by a rapid increase 

in the level of BiP. Subcellular fractionation of the 4-day-old 

cotyledons showed a high accumulation of BiP in the endoplasmic 

reticulum. It is possible that BiP might be involved in the 

synthesis of seed storage proteins during maturation and in the synthesis 

of hydrolytic enzymes responsible for the degradation of the storage 

proteins during seed germination. 
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AB Using a polyclonal antibody raised against calreticulin purified 

and sequenced from maize, we performed an immunocytological study to 
characterize putative domain-specific subcellular distributions of 
endoplasmic reticulum (ER) -resident calreticulin in meristematic 
cells of maize root tip. At the light microscopy level, 
calreticulin was immunolocalized preferentially at cellular 
peripheries, in addition to nuclear envelopes and cytoplasmic structures. 
Punctate labelling at the longitudinal walls and continuous labelling at 
the transverse walls was characteristic. Immunogold electron microscopy 
revealed plasmodesmata as the most prominently labelled cell periphery 
structure. In order to further probe the ER-domain-specif ic distribution 
of maize calreticulin at plasmodesmata, root apices were exposed 
to mannitol- induced osmotic stress. Plasmolysis was associated with 
prominent accumulations of calreticulin at callose-enriched 
plasmodesmata and pit fields while the contracting protoplasts were 
depleted of calreticulin. In contrast, other ER-resident 
proteins recognized by HDEL peptide and BiP antibodies localized 
exclusively to contracted protoplasts. This finding reveals that, in 
plasmolysed cells, calreticulin enriched ER domains at 

plasmodesmata and pit fields are depleted of other ER-resident proteins 
containing the HDEL retention peptide. 
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AB The analysis of protein sorting signals responsible for the retention of 
reticuloplasmins (RPLs) a group of soluble proteins that reside in the 
lumen of the endoplasmic reticulum (ER) has revealed a structural 
similarity between mammalian and plant ER retention signals. We present 
evidence that the corresponding epitope is conserved in a vast family of 
soluble ER resident proteins. Microsequences of RPL60 and RPL90 two 
abundant members of this family show high sequence similarity with 
mammalian calreticulin and endoplasmin. RPL60/ 

calreticulin cof ract ionates and costains with the lumenal binding 

protein (BiP) . Both proteins were detected in the nuclear 

envelope and the ER and in mitotic cells in association with the spindle 

apparatus and the phragmoplast . Immunoprecipitation of proteins from in 

vivo- labeled cells demonstrated that RPL60/calreticulin is 

associated with other polypeptides in a stress- and ATP-dependent fashion. 

RPL60/calreticulin transcript levels increased rapidly in 

abundance during the proliferation of the secretory apparatus and the 

onset of hydrolase secretion in gibberellic acid-treated barley aleurone 

cells. This induction profile is identical to that of the 

well-characterized ER chaperones BiP and endoplasmin. However 

expression patterns in response to different stress conditions as well as 

tissue-specific expression patterns indicate that these genes are 

differentially regulated and may not act in concert. 
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AB Localized treatment of cucumber (Cucumis sativus L. cv. wisonsin) 

cotyledons with inhibitors of N-glycosylation such as tunicamycin or 
amphomycin resulted in systemic acquired resistance in the first leaf to 
the fungal pathogen Colletotrichum lagenarium. Resistance was maximal as 
early as 2 days after application and best results were observed when the 
inhibitor was used at 100 muM. The same treatment also induced 
salicylic acid accumulation as well as the expression of chitinase 
and a PRl-like protein. The systemic effect is not caused by the transport 
of tunicamycin, since tunicamycin was not detected in the leaves. Within 2 
h after application tunicamycin inhibited N-glycosylation, but not protein 
synthesis as indicated by labelling experiments. The amount of large and 
small subunits of ribulose-1 , 5 -bisphosphate carboxylase/oxygenase 
decreased after tunicamycin treatment and after pathogen inoculation and 
the expression of BiP, a protein localized in the endoplasmic 
reticulum was enhanced. The activation of defense reactions seems to be 
dependent and sensitive to N- linked glycosylat ion. 
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AB When it is attacked by a pathogen, a plant produces a range of 

defense -related proteins. Many of these are synthesized by the rough 
endoplasmic reticulum (RER) to be secreted from the cell or deposited in 
vacuoles. Genes encoding endoplasmic reticulum (ER) -resident chaperones, 
such as the lumenal binding protein (BiP) , are also induced 
under these conditions. Here, we show that BiP induction occurs 
systemically throughout the plant. Furthermore, this induction occurs 
rapidly and precedes expression of genes encoding pathogenesis-related 
(PR) proteins. The underlying signal transduction pathway was shown to be 
independent of the signaling molecule salicylic acid and the 
unfolded protein response pathway. In addition, BiP induction 
was independent of PR gene induction. Overproduction of BiP 
alone was not sufficient to cause induction of PR gene expression; 
however, limiting the amount of BiP in the ER lumen via 

superimposed ER stress inhibited the induction of PR gene expression. We 
propose that the induction of BiP expression during 

plant -pathogen interactions is required as an early response to support PR 
protein synthesis on the RER and that a novel signal transduction pathway 
exists to trigger this rapid response. 
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AB The binding protein (BiP) is an important component of 

endoplasmic reticulum stress response of cells. Despite extensive 
studies in cultured cells, a protective function of BiP against 
stress has not yet been demonstrated in whole multicellular organisms. 
Here, we have obtained transgenic tobacco (Nicotiana tabacum L. 
cv Havana) plants const itutively expressing elevated levels of BiP 
or its antisense cDNA to analyze the protective role of this 
endoplasmic reticulum lumenal stress protein at the whole 
plant level. Elevated levels of BiP in transgenic sense 
lines conferred tolerance to the glycosylat ion inhibitor tunicamycin 
during germination and tolerance to water deficit during plant 
growth. Under progressive drought, the leaf BiP levels 

correlated with the maintenance of the shoot turgidity and water content . 
The protective effect of BiP overexpression against water stress 
was disrupted by expression of an antisense BiP cDNA construct. 
Although overexpression of BiP prevented cellular dehydration, 
the stomatal conductance and transpiration rate in droughted sense leaves 
were higher than in control and antisense leaves. The rate of 
photosynthesis under water deficit might have caused a degree of greater 
osmotic adjustment in sense leaves because it remained unaffected during 
water deprivation, which was in marked contrast with the severe 
drought - induced decrease in the C02 assimilation in control and antisense 
leaves. In antisense plants, the water stress stimulation of the 
antioxidative defenses was higher than in control plants, whereas in 
droughted sense leaves an induction of superoxide dismutase activity was 
not observed. These results suggest that overexpression of BiP 
in plants may prevent endogenous oxidative stress. 
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TI The Ca2+ status of the endoplasmic reticulum is altered by- 
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PB American Society of Plant Physiologists 

DT Journal 

LA English 

AB To investigate the endoplasmic reticulum (ER) Ca2+ 

stores in plant cells, we generated tobacco (Nicotiana 

tabacum; NT1) suspension cells and Arabidopais plants with 

altered levels of calreticulin (CRT), an ER-localized 

Ca2+-binding protein. NT1 cells and Arabidopais plants were 

transformed with a maize (Zea mays) CRT gene in both sense and 

antisense orientations under the control of an Arabidopsis heat 

shock promoter. BR-enriched membrane fractions from NTl cells 

were used to examine how altered expression of CRT affects Ca2+ uptake and 

release. We found that a 2. 5- fold increase in CRT led to a 2 -fold 

increase in ATP-dependent 4 5Ca2+ accumulation in the ER-enriched 

fraction compared with heat -shocked wild-type controls. Furthermore, 

after treatment with the Ca2+ ionophore ionomycin, ER microsomes 

from NTl cells overproducing CRT showed a 2 -fold increase in the amt . of 

45Ca2+ released, and a 2- to 3- fold increase in the amt. of 4 5Ca2+ 

retained compared with wild type. These data indicate that altering the 

prodn. of CRT affects the ER Ca2+ pool. In addn. , CRT 

transgenic Arabidopsis plants were used to det . if altered CRT 

levels had any physiol. effects. We found that the level of CRT in heat 

shock-induced CRT transgenic plants correlated pos . with the retention of 

chlorophyll when the plants were transferred from Ca2+-contg. medium to 

Ca2+-depleted medium. Together these data are consistent with the 

hypothesis that increasing CRT in the ER increases the 

ER Ca2+ stores and thereby enhances the survival of plants grown 

in low Ca2+ medium. 
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TI Comparative analysis of BiP gene expression in maize 
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DT Article 
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AB Binding protein (BiP) is the endoplasmic reticulum 

member of the highly conserved HSP70 (heat shock protein 70) family of 

molecular chaperones. We have isolated and characterized two different 

BiP cDNA clones corresponding to genes expressed in immature 

kernels. These two cDNAs share extensive sequence similarity but map to 

unlinked loci in the maize genome. A comparison of the aa 

sequences predicted from the cDNA clones revealed only six aa differences 

between them. Investigation of gene-specific expression was carried out by 

RNA gel blot analysis. RNAs corresponding to both cDNA clones were present 

in increased amounts in the endosperm of floury-2 (fl2) , Mucronate (Mc) 

and Defective endosperm-B30 (De*-B30) maize mutants, which 

produce abnormal storage proteins. Similar increases in RNAs corresponding 

to both probes were detected in cells treated with either of two agents 

that interfere with protein folding, azetidine-2-carboxylic acid (A2C) and 

tunicamycin. Investigation of the genomic complexity of the BiP 

genes by Southern blot analysis revealed several cross -hybridizing bands. 

These results are suggestive that the BiP genes expressed in 

endosperm are coordinately regulated members of a more complex 

maize BiP multigene family. 
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AB Proteins are co-translat ionally transferred into the endoplasmic 
reticulum (ER) and then either retained or transported to 
different intracellular compartments or to the extracellular space. 
Various molecular signals necessary for retention in the ER or 
targeting to different compartments have been identified. In particular, 
the HDEL and KDEL signals used for retention of proteins in yeast and 
animal ER have also been described at the C-terminal end of 
soluble ER processing enzymes in plants. The fusion of a KDEL 
extension to vacuolar proteins is sufficient for their retention in the 
ER of transgenic plant cells. However, recent results 
obtained using the same strategy indicate that HDEL does not contain 



sufficient information for full retention of phaseolin expressed in 

tobacco. In the present study, an HDEL C-terminal extension was 

fused to the vacuolar or extracellular (delta pro) forms of sporamin. The 

resulting spoHDEL or delta proHDEL, as well as Spo and delta pro, were 

expressed at high levels in transgenic tobacco cells (Nicotiana 

tabacum cv BY2) . The intracellular location of these different forms of 

recombinant sporamin was studied by subcellular fractionation. The results 

clearly indicate that addition of an HDEL extension to either Spo or delta 

pro induces accumulation of these sporamin forms in a compartment that 

co-purifies with the ER markers NADH cytochrome C reductase, 

binding protein (BiP) and calnexin. In addition, a significant 

SpoHDEL or delta proHDEL fraction that escapes the BR retention 

machinery is transported to the vacuole. From these results, it may be 

proposed that, in addition to its function as an ER retention 

signal, HDEL could also act in quality control by targeting chaperones or 

chaperone -bound proteins that escape the ER to the plant 

lysosomal compartment for degradation. 
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AB The ER luminal binding protein, BiP, has been linked 

to prolamine protein body formation in rice. To obtain further 
information on the possible role of this chaperone in protein body 
formation we have cloned and sequenced a BiP cDNA homolog from 
rice endosperm. The rice sequence is very similar to the 
maize BiP exhibiting 92% nucleotide identity and 96% 

deduced amino acid sequence identity in the coding region. Substantial 

amino acid sequence homology exists between rice BiP 

and BiP homologs from several other plant and animal 

species including long stretches of conservation through the 

amino -terminal ATPase domain. Considerable variation, however, is observed 

within the putative carboxy- terminal peptide -binding domain between the 

plant and nonplant BiP sequences. A single band of 

approximately 2.4 kb was visible when RNA gel blots of total RNA purified 
from seed tissue were probed with radiolabeled rice BiP 

cDNA. This band increased in intensity during seed development up to 10 
days after flowering, and then decreased gradually until seed maturity. 
Protein gel blots indicated that BiP polypeptide accumulation 
parallels that of the prolamine polypeptides throughout seed development. 
Immunocytochemical analysis demonstrated that BiP is localized 
in a non- stochastic fashion in the endoplasmic reticulum 
membrane complex of developing endosperm cells. It is abundant on the 
periphery of the protein inclusion body but not in the central portion of 
the protein body or in the cisternal ER membranes connecting the 
protein bodies. These data support a model which proposes that BiP 
associates with the newly synthesized prolamine polypeptide to facilitate 
its folding and assembly into a protein inclusion body, and is then 
recycled. 
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DT Journal 
LA English 

AB Evidence is accumulating in favor of a linkage at the cellular level 

between various abiotic stresses. A study was conducted to evaluate the 
effect of water stress on the heat tolerance of zonal geraniums, 
Pelargonium .times, hortorum cv. Evening Glow. Water stress was imposed 
by withholding irrigation until pots reached 30% (by wt . ) of well-watered 
controls, and by maintaining the pot wt . by addns . of water for another 7 
days. Leaf xylem water potential (XWP, MPa) , relative water content (RWC, 



%) , and heat-stress tolerance (HST; LT50, defined as the temp, causing 
half -maximal % injury based on electrolyte leakage) were measured in 
control, stressed, and recovered plants. Proteins were extd. from the 
leaves following the above treatments, and SDS-PAGE and immunoblotting 
were performed by using std. procedures. Immunoblots were probed with 
antibodies to dehydrin and 70-kDa heat shock cognate (HSC70) proteins. 
Data indicate that XWP and RWC, resp., were -0.378 MPa and 92.3% for 
control plants and -0.804 MPa and 78.6% for stressed plants. 
Water- stressed plants exhibited a significant increase in HST compared to 
control (LT50 of 55. degree. C vs 51 . degree . C) . Water-stress- induced HST 
was not due to heat acclimation (leaf warming in stressed plants) . Data 
also indicate that water- stress treatment did not increase freezing 
tolerance of geranium leaves. Increased HST was assocd. with the 
accumulation of several heat-stable, dehydrin protein (25-60 kDa) , and 
both cytosolic and ER luminal (BiP) HSC70 proteins. 

Leaf XWP, RWC, and HST reversed to control levels concomitant with the 
disappearance/redn . of dehydrins and HSC70 proteins in 
water- Btress-relieved plants. The possibility of a cellular linkage 
between water stress and heat -stress tolerance is discussed. 
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AB BiP is found in association with calreticulin, both in the 

presence and absence of endoplasmic reticulum stress. Although 
the BiP -calreticulin complex can be disrupted by ATP, several 
properties suggest that the calreticulin associated with BiP is 
neither unfolded nor partially or improperly folded. (1) The complex is 
stable in vivo and does not dissociate during 8 hr of chase. (2) When 
present in the complex, calreticulin masks epitopes at the C terminus of 
BiP that are not masked when BiP is bound to an 

assembly-defective protein. And (3) overproduction of calreticulin does 

not lead to the recruitment of more BiP into complexes with 

calreticulin. The BiP-calret iculin complex can be disrupted by 

low pH but not by divalent cation chelators. When the endoplasmic 

reticulum retention signal of BiP is removed, complex formation 

with calreticulin still occurs, and this explains the poor secretion of 

the truncated molecule. Gel filtration experiments showed that BiP 

and calreticulin are present in distinct high molecular weight complexes 

in which both molecules interact with each other. The possible functions 

of this complex are discussed. 
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AB The cytotoxic drug tunicamycin kills cells because it is a specific 
inhibitor of UDP-N-acetylglucosamine : dol ichol phosphate 
N-acetylglucosamine-l-P transferase (GPT) , an enzyme that catalyzes the 
initial step of the biosynthesis of dol ichol -linked oligosaccharides. In 



the presence of tunicamycin, asparagine- linked glycoproteins made in the 

endoplasmic reticulum are not glycosylated with N- linked glycans, 

and therefore may not fold correctly. Such proteins may be targeted for 

breakdown. Cells that are treated with tunicamycin normally experience an 

unfolded protein response and induce genes that encode endoplasmic 

reticulum chaperones such as the binding protein (BiP) . We 

isolated a cDNA clone for Arabidopsis GPT and overexpressed it 

in Arabidopsis. The transgenic plants have a 10 -fold higher 

level of GPT activity and are resistant to 1 microgram/mL tunicamycin, a 

concentration that kills control plants. Transgenic plants grown in the 

presence of tunicamycin have N-glycosylated proteins and the drug does not 

induce BiP mRNA levels as it does in control plants. BiP 

mRNA levels are highly induced in both control and GPT-expressing plants 

by azetidine-2 -carboxylate . These observations suggest that excess GPT 

activity obviates the normal unfolded protein response that cells 

experience when exposed to tunicamycin. 
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Localized treatment of cucumber {Cucumis sativus L. cv . Wisonsin) 
cotyledons with inhibitors of N-glycosylation such as tunicamycin or 
amphomycin resulted in systemic acquired resistance in the first leaf to 
the fungal pathogen Colletotrichum lagenarium. Resistance was maximal as 
early as 2 days after application and best results were observed when the 
inhibitor was used at 100 muM. The same treatment also induced salicylic 
acid accumulation as well as the expression of chitinase and a PRl-like 
protein. The systemic effect is not caused by the transport of 
tunicamycin, since tunicamycin was not detected in the leaves. Within 2 h 
after application tunicamycin inhibited N-glycosylation, but not protein 
synthesis as indicated by labelling experiments. The amount of large and 
small subunits of ribulose-1, 5 -bisphosphate carboxylase/oxygenase 
decreased after tunicamycin treatment and after pathogen inoculation and 
the expression of BiP, a protein localized in the 
endoplasmic reticulum was enhanced. The activation of defense 
reactions seems to be dependent and sensitive to N-linked glycosylat ion. 
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AB Aleurone layers were isolated from barley cv . Himalaya seeds and incubated 
in 5 micro M GA3 or 1 micro M ABA both in the presence of 10 mM CaC12 . A 
70 kDa protein which cross- reacted with an antibody against yeast binding 
protein (BiP) was isolated. The distribution of the 70 kDa 
cognate on an isopycnic gradient matched that of cytochrome c reductase 
and ATP-dependent Ca2+ transport activity. Endoplasmic reticulum 
isolated from aleurone layers treated with GA3 contained higher 
BiP cognate levels alpha -amylase and cytochrome c reductase 
activities and net Ca2 + transports than membranes from ABA-treated layers. 
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AB We have cloned cDNAs of the tobacco homolog of the luminal 

binding protein (Bip) that has been described in other higher 

eukaryotes. In contrast to the mammalian and yeast protein, 

tobacco Bip is encoded by a multigene family. The gene 

products of all the cloned members of this family contain a 

carboxy- terminal His-Asp-Glu-Leu peptide that may form the signal for 

retention in the endoplasmic reticulum. Analysis of expression 

patterns revealed that Bip transcripts are predominantly present 

in tissues with high rates of cell divisions, in secretory tissues, and in 

cells treated with tunicamycin. We also show that a chimeric gene 

containing the coding region of one of the tobacco Bip 

genes is able to complement a mutation in the Saccharomyces cerevisiae 

Bip gene. 
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AB The enzyme phosphinothricin acetyl transferase (PAT) has been proven to be 
a useful passenger protein for the analysis of transplanted sorting 
signals. Tagging with C-terminal tetrapeptide sequences has led to the 
identification of several sequences that confer retention of the protein 
chimera in the endoplasmic reticulum (ER) of 

tobacco leaf protoplasts. Several single amino acid substitutions 
within the tetrapeptide led to inactivation of the signals, suggesting a 
high degree of specificity of the retention system. We now show that this 
general specificity is conserved in several dicotyledonous plant 
species and aleurone protoplasts from the monocot barley, although minor 
variations in the specificity could be observed. We also show that 
retention of proteins in tobacco protoplasts appears to be 
independent of the culture conditions and unaffected in the presence of 
the calcium ionophore A23187 or the inhibitor of N- linked glycosylat ion, 
tunicamycin. Monoclonal antibodies directed against the ER 
retention signal of a mammalian reticuloplasmin were used for the 
identification and purification of putative plant 

reticuloplasmins (RPL.60, RPL75, and RPL90) from microsomal fractions of 
germinating tobacco seeds. Amino acid sequences and 
immunological data revealed significant similarity to calreticulin 
(CRP55) , the luminal binding protein {B1P/GRP78/KAR2) and 
endoplasmin (ERP99/GRP94 ) . These findings confirm that the monoclonal 
antibodies recognize a structural determinant of the ER 

retention signal and that this structure is conserved in reticuloplasmins 
from plants and mammals. A possible strategy for the selection and 
isolation of plant mutants with a modified retention 
specificity, based on the use of PAT as a selectable reporter, is 
presented . 
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AB A class of mutations affecting the level of zein synthesis and the final 
size and shape of the endosperm is represented by the viable 'defective 
endosperms'. In this paper, twenty-five de-B mutants were considered with 
the aim of describing their effect on the level of b-70 proteins which are 
members of the 70 kDa heat-shock family present in maize protein 
bodies. The b-70 proteins are constitut ively expressed at a much higher 
level in protein bodies from de-BlO, de-B37 and de-B70 mutants. Western 
blot analysis, with the monoclonal (rat) anti-HSP70 gene family antibody, 
produced against Drosophila HSP70 that cross -react with a wide range of 
heat -shock cognates of various organisms, provided evidence to support the 
assignment of maize b-70s as members of the HSP70 family. In 
maize, the b-70 band can be resolved into three species, when 
analysed by two-dimensional gel electrophoresis. The two isoforms b-70I 
and b-70II are associated with protein body fractions and are depressed in 
de-BlO, de-B37 and de-B70 mutants. A third protein, b-70III, is present in 
cytosolic fractions and its level is not influenced by the three mutations 
studied. Antibodies specific for b-70I and b-70II proteins were raised 
against a multiple antigene peptide (MAP) corresponding to the N-terminal 
region. Western blot analysis indicates that only the b-70I and b-70II 
proteins, associated with protein bodies, gave strong positive signals 
when probed with MAP. In addition, the effect of stress conditions in the 
synthesis of b-70 proteins was studied. Experiments were conducted in 
vitro with dissected endosperms collected at 9 days after pollination. In 
preparations from tunicamycin- treated endosperms, significant amounts of 
b-70 labelled proteins were easily detectable. The amounts of labelled 
proteins were not reduced after a subsequent chase period. Instead, most 
of the 70 kDa proteins were still present after the 5-h chase period. In 
contrast, the b-70 proteins were not responsive to heat -shock. The 
activity of the b-70 proteins may also be modulated by their reaction with 
ATP. The results indicate that the b-70 proteins are similar to a 
previously described protein, the immunoglobulin binding protein 
BiP. It is proposed that the de-BlO, de-B37 and de-B70 mutations 
affect ER metabolism. 



